Porous materials have long been studied, and they are still one of the hot reseach topics in chemistry. Coordination polymers, one class of such materials, have many useful properties that can apply in a variety of fields, including catalysis, conductivity, luminescence, magnetism, adsorption-desorption, and gas storage.
Porous materials have long been studied, and they are still one of the hot reseach topics in chemistry. Coordination polymers, one class of such materials, have many useful properties that can apply in a variety of fields, including catalysis, conductivity, luminescence, magnetism, adsorption-desorption, and gas storage. [1] [2] [3] [4] [5] [6] [7] [8] They are prepared from various metals with suitable coordination spheres and a wide range of ligands with donor atoms in proper positions. In particular, the careful choice of linking ligands has proved to be critical to the preparation of desirable coordination polymers with cavities or channels.
For the past several years, our research group has prepared various coordination polymers, especially those based on d-block metals and bis(pyridine)-type ligands. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] In particular, we recently examined the connecting modes of linking ligands containing different terminal groups (pyridyl-amine or pyridylpyridyl) and their cadmium coordination polymers. 9, 10 As an extension of our ongoing study, we performed a comparison of coordination abilities of ligands that coexist in the reaction mixture and compete with each other to coordinate to metals. The ligands used in this study are presented in Chart 1. 
Chart 1
Our study has two main points. First, we investigated the coordinating abilities of a pair of ligands that have the same spacer (a central naphthalene diimine moiety) but different nitrogen-donor positions in terminal pyridyl groups: (L 
Experimental Section
All solid chemicals were purified by recrystallization, and all solvents were distilled and stored over molecular sieves. Ligands L 1 and L 2 were prepared by the literature method. Symmetry transformations used to generate equivalent atoms: #1 = x -1, y -1, z -1; #2 = -x + 1, -y + 1, -z. Data for polymer 3: 70 mg, 0.094 mmol, and 85% yield. X-ray structure determination. All X-ray data were collected on a Bruker Smart APEX2 diffractometer at the Cooperative Center for Research Facilities (CCRF) in the Sungkyunkwan University, which is equipped with a Mo X-ray tube. Absorption corrections were made by SADABS based on the Laue symmetry of equivalent reflections. 19 All calculations were carried out with SHELXTL programs. 20 The structure was solved by direct methods. All non-hydrogen atoms were refined anisotropically. All hydrogen atoms were generated in ideal positions and refined in a riding mode.
A brown crystal of polymer 1 of approximate dimensions 0.22 × 0.20 × 0.16 mm, shaped as a block, was used for crystaland intensity-data collection. Details on crystal data, intensity collection, and refinement details are given in Table 1 . Selected bond lengths and angles are listed in Table 2 .
CCDC 773403 contains the supplementary crystallographic data for polymer 1. These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.htmL or from the Cambridge Crystallographic Data Center, 12 Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.
Results and Discussion
Preparation of ligands L 3 and L
4
. In order to compare the coordinating abilities of a given ligand and its reduced form, we reduced the ligands L 1 and L
2
, which are structural isomers due to the different nitrogen positions in terminal pyridyl groups. When these ligands were treated with NaBH4 in MeOH-CH2Cl2, the corresponding reduced forms (m-py)-CH2-NH-C10H6-NH- 4 (in the absence of the partner) do not occur under the present reaction conditions. Polymers 1-3 are brown crystalline solids, and were structurally characterized by X-ray diffraction. [Cd] was 2:1:2 (eq 1). The 1:1:1 mole-ratio reaction also gave the same product in less than one half of the yield for the 2:1:2 mole-ratio reation. These results indicate that the mole ratios of the starting compounds have no effects on the structure of the final product.
We also compared coordinating abilies of a parent ligand and its reduced form. For this study, the L 1 -L 3 and L 2 -L 4 pairs were treated with [Cd(NO3)2·4H2O] to give polymers 2 and 3, respectively (eqs 2 and 3). The mole ratio among three components in each reaction was 1:1:1. X-ray crystallographic studies of polymers 2 and 3 revealed that these polymers are identical to the known coordination polymers [Cd(L 2·4H2O ] also by layer diffusion (THF-EtOH). Although synthetic attempts in different solvent combinations were tried, the same products (polymers 2 and 3) were always obtained in lower yields.
From the formation of polymers 1-3, each of which was produced under competitive conditions between two components of a given ligand pair, several conclusions may be deduced. In polymer 1, both L 1 and L 2 are coordinated to the Cd metals, so it would be difficult to distiunguish their relative coordinating abilities. However, according to the mole ratio of these two ligands in the formula of polymer 1, ligand L 1 appears to have a better coordinating ability than ligand L ), which have the -CH2-NH-groups. In fact, better coordianting ability of L 1 and L 2 in this study is inconsistent with our expectation. From the thermodynamic point of view, ligands L 1 and L 2 are expected to have lower coordinating abilities (or lower basicity) than ligands L 3 and L 4 (reduced forms), because the former ligands have a complete π conjugation system to which the nitrogen lone pairs in the terminal pyridyl groups may contribute and because they contain only saturated substituents. It should be mentioned that ligands L 1 and L 2 are more soluble than ligands L 3 and L 4 in our solvent combinations. Therefore, the above results probably tell us a well-known fact in crystal chemistrty that coordinating ability (or ligand basicity) is a thermodynamic issue, but crystallization is a kinetic process.
Structure of polymer 1. Mixed-ligand coordination polymers have been prepared by employing two or more basically different linking ligands. [21] [22] [23] [24] However, several polymers based on isomeric linking ligands recently appeared in the literature. [25] [26] [27] [28] Such ligands are relatively short ones (bis(pyridine) or nicotinic acid) or bulky polyoxometalates, and therfore their coordination polymers of metals have rather small pores.
The local coordination enviroment around the Cd metals in polymer 1 are given in Figure 1 . These experimental results strongly inidcate that a kinetic factor is a dominating factor in determining the final product. In other words, the relative solubilities of two competing ligands are more important than the absence or presence of a π conjugation system in the competing ligands.
